Sucrase-isomaltase (SI) was isolated by immunoprecipitation from the intestines of human fetuses of [16] [17] [18] [19][20] wk of gestational age as one large polypeptide (pro-SI) with a molecular weight of 260,000. Treatment with elastase converted the pro-SI into two polypeptides of apparent molecular weights as sucrase and isomaltase from normal adult intestine (M. 140,000 and 150,000, respectively). The pro-SI had full enzymatic activity.
Sucrase-isomaltase (SI) is a digestive enzyme responsible for all the sucrase activity, nearly all the isomaltase activity, and for most of the maltase activity (-70%) of the small intestine. SI is localized with its major part exposed to the luminal content of the intestine and anchored to the small intestinal brush border membrane by a small hydrophobic segment [for review see (12) ]. In the majority of mammals including man, SI occurs as an enzyme complex built up of two polypeptides one of which has sucrase the other isomaltase activity.
By observation on pigs whose pancreas has been totally disconnected it has been shown that SI is synthesized as a single-chain, assigned pro-SI (13) . Treatment of this pro-SI with pancreatic proteases splits it into two polypeptides of apparent molecular sizes similar to those of the "final" SI (13) , suggesting that the final step in the processing of SI occurs at the luminal surface of the intestine by action of the pancreatic enzymes.
In the developing human fetus zymogen granules have been detected in the pancreas as early as the 5th month of gestation [for review see (9) ]; however, the intestinal enterokinase, which is the activator for trypsinogen, does not appear until the 26-30 wk of gestation (I) . This implies that the fetal pancreas does not have any proteolytic activity until this time. Fetal intestines before 26 wk of gestational age therefore provide a unique model to investigate if the biosynthesis of the human SI is likely to proceed via a large pro-SI and the possible role of pancreatic proteases in the processing of the SI.
MATERIALS AND METHODS
Anti-human-SI-IgG was obtained against normal, adult SI as previously described (14) .
Two human fetuses of 16-20 wk of gestational age were obtained after abortus provocatus. Their full length intestines were immediately cut out and frozen at minus 80°C until use. As control material small jejunum pieces of normal adult intestine were used (15) .
Solubilization of the brush border proteins. The proximal part of each fetal intestine (approximately 0.3 g) was homogenized in crushed ice in 4 volumes of a 50 mM potassium phosphate buffer, pH 6.0, containing 1% Triton X-100 and aprotinin 28 p,g X ml-
The homogenate was incubated at 4°C for I h and subsequently centrifuged 50,000 X g for I h at 4°C. The supernatant was collected. This solubilization method released more than 90% of the total sucrase activity. Mucosal scrapings of the adult intestinal pieces were prepared in the same way.
Immunoprecipitation. 150-200 p,1 of the supernatants containing approximately 300 mD sucrase and 4 mg mucosal protein was run in line immunoelectrophoresis (10) against specific anti-human-SI-IgG (300 p,g/ml gel) as described in (14) . The fetal SI crossreacted immunologically with adult SI as it precipitated with the IgG made by immunizing rabbits with purified adult SI. After washing and pressing of the immunoelectrophoretic plate the immunoprecipitates (visible without staining) were excised. Rocket immunoelectrophoresis (16) of the supernatants against the specific anti-human-SI-IgG was performed as in (14) .
Polyacrylamide gel electrophoresis. Gel electrophoresis in 10% polyacrylamide gels in the presence of sodium dodecyl sulphate was performed by the method of Laemmli (II). Before electrophoresis the excised precipitates were boiled for 5 min in the presence of I % sodium dodecyl sulphate and 2.5% 2-mercaptoethanol. In some experiments the excised precipitates were soaked in elastase solution (final concentration 0.1 mg X ml~l) at 37°C for IS min. The reaction was stopped by addition of phenylmethansulfonylfluorid (Merck, Darmstadt, F.R.G.) (final concentration 10 mM) and denatured as described above.
Assays. The sucrase and isomaltase activities were analysed according to Dahlqvist (5) using sucrose and isomaltose as substrates. The enzyme activity is expressed in units (D), i.e., p,moles of substrate hydrolyzed X min~I. The protein concentration was measured according to Bradford (4) (Bio-Rad Laboratories, Munich, F.R.G.) using bovine serum albumine as a standard.
RESULTS AND DISCUSSION
The results of the polyacrylamide gel electrophoresis are shown in Figure 1 . The SI from adult intestine is shown to be built up of two polypeptides with apparent molecular weights of 140,000 and 150,000. This result is in accordance with earlier studies on this enzyme from human, rabbit, rat, and pig intestine. It is known that the bigger polypeptide is isomaltase and the smaller, sucrase [for review see (12) ]. In contrast, the fetal SI is shown to be present as one polypeptide with a molecular weight of 260,000. By treatment with elastase this high-molecular weight SI is partially split into two bands of almost the same molecular weight as the adult SI (Fig. I) .
The ratio between sucrase and isomaltase activity for the fetal enzyme was similar to that of the adult enzyme (isomaltase activity/sucrase activity -0.7). When equal amounts of sucrase activity in the fetal and the adult supernatants were analysed in rocket immunoelectrophoresis against the specific anti-SI-IgG Fig. I . Polyacrylamide gel electrophoresis in sodium dodecylsulphate of fully denatured sucrase-isomaltase (SI) from: (A), adult intestine; (B), fetal intestine; and (C), fetal intestine after treatment with elastase. The SI was purified by immunoprecipitation before polyacrylamide gel electrophoresis as described in "Materials and Methods." Approximately 300 mD sucrase was applied (if the specific activity of the SI is similar to that of the pig enzyme (13) it corresponds to 20 /lg of protein). Normal SI (M, 140,000 and 150,000) and pro-SI (M, 260,000) from pig intestine (13) were used as molecular weight indicators.
(data not shown) the obtained precipitates were of the same size indicating the same specific activity for the two enzymes.
High molecular weight pro-SI has been demonstrated in intracellular membranes from rat (7) and pig (6) enterocytes. Evidence for the influence of pancreatic enzymes on the structure of the SI after its insertion into the microvillar membrane was provided by experiments on pigs with experimentally disconnected pancreatic ducts (13) and on subcutaneous transplants of intestinal biopsies from rats (8) . In these studies SI was found in the microvillar membrane as a single large (Mr 260,000) polypeptide chain which upon elastase treatment was converted into two bands nearly identical to those of "final" SI.
The present results demonstrate the existence of a fully active one-polypeptide-SI in human fetal intestine. It is the first indication that the biosynthesis and membrane insertion of the human SI is likely to proceed via a one polypeptide chain, "pro-enzyme."
Elastase is shown to split the human fetal "pro-S!,' into its mature forms, which strongly suggests that the pancreas plays a major role in modifying the structure of this enzyme. Due to the small amount of material we have not examined if the fetal pro-SI is split by other pancreatic enzymes too. This is, however, likely to be the case as the pig pro-SI is not only split into its two constituent polypeptides by treatment with elastase, but also by treatment with trypsin and chymotrypsin (13) .
Previous studies on patients with pancreatic insufficiency indicate that they have an increased sucrase activity (2) . From the present work it might be expected that their sucrase activity is due to the pro-SI. The pro-SI and the "final" SI from normal intestine have evidently the same specific activity and the increased activity in pancreatic insufficient patients is therefore proposed to be due 260000-' 150000-' /. 140000 a b c to the presence of an increased number of molecules and not to an enzyme with increased activity.
Recent studies by Auricchio et at. (3) indicate that the electrophoretic mobility of the human fetal microvillar enzymes differ from that of the adult enzymes, and they have some indications that this is due to differences in glycosylation. The intestines used in their study were from fetuses of the same age as used in the present work and therefore without exocrine pancreatic enzymes. In this connection another interesting question is if the pro-SI expected to be found in pancreatic insufficient patients, also have an electrophoretic mobility differing from the normal enzyme.
